ABStrAct Despite global efforts to reduce maternal mortality, maternal deaths from bacterial sepsis have actually risen in the UK. The group A streptococcus, also known as Streptococcus pyogenes, is the leading cause of infection-related death in pregnancy and the puerperium. Many clinicians remain unaware of the risks posed to this particular group of otherwise fit, healthy patients despite the fact that S. pyogenes has been the leading infective cause of puerperal deaths since records began. S. pyogenes has a specific but unexplained predilection for the recently pregnant woman, and has an attributable mortality greater than many other invasive bacteria. Here, the epidemiology, aetiology, and management of severe peripartum sepsis are discussed, as are potential approaches to reduce risks. While fundamental changes in healthcare access can lead to dramatic reductions in maternal deaths in developing countries, an improvement in maternal sepsis deaths in the UK will require heightened awareness among both hospital and community-based clinical staff.
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IntroductIon
The United Nations Millenium Development Goals, set out in the year 2000, aspired to reduce maternal deaths by three quarters between 1990 and 2015. 1 The vast majority of maternal deaths occur in the developing world, where the leading causes are haemorrhage, bacterial sepsis and hypertension-related disorders, together accounting for over half of all deaths related to pregnancy. 2 Although such deaths often occur in settings where hospital treatment is simply not available or accessible, many developing countries are managing to improve mortality figures, though perhaps not at the rate desired.
It is therefore surprising to note that in the UK, reductions in deaths due to bacterial infection have been hard to achieve. Indeed, the triennial Centre for Maternal and Child Enquiries (CMACE) 2006-8 report highlighted that sepsis is now the leading cause of 'direct' maternal death. 3 Direct causes of maternal death include events such as haemorrhage, thromboembolic disease and preeclampsia as well as sepsis and together accounted for 4.67 deaths per 100,000 maternities in the most recent survey period. Advances in healthcare have led to impressive reductions in all other major causes of direct maternal deaths, such as those related to hypertension, thromboembolic disease and haemorrhage. Notably however, the mortality rate related to sepsis increased from 0.85 deaths per 100,000 maternities in 2003-5 to 1.13 deaths in 2006-8. 3 Maternal deaths are of course very rare in the developed world and most such deaths result from so-called 'indirect' causes, not linked directly to the pregnancy, such as pre-existing cardiac disease, meaning that the overall maternal mortality rate in the UK is 11.39 per 100,000 maternities.
The pre-eminence of sepsis as a cause of death is not simply a result of proportionate reductions in other causes; absolute numbers of deaths from sepsis have in fact risen in the last two decades. 3 The major pathogen responsible for deaths is the group A streptococcus (GAS), also known as Streptococcus pyogenes. This is mirrored in other developed countries including the Netherlands. 4, 5 Detailed microbiological data from lower income countries is less reliable, mainly because women die out of hospital or because diagnostic bacteriology is simply not feasible. Possible reasons for the increase in deaths, aside from a diminished awareness of risk among clinicians, include natural fluctuations in the year-to-year rates of GAS infections, a predominance of hypervirulent GAS strains, or an increase in the vulnerable 'at-risk' pregnant population.
Classifications of maternal infection focus heavily on 'genital tract sepsis', misleading clinicians when assessing critically ill parturitient women, and also leading to a potential underestimate in case frequency; for this reason, the term 'peripartum sepsis' is used in this review. Lethal maternal sepsis, including childbed fever education described over a century ago, is not restricted to the genital tract. The focus of sepsis can vary according to the stage of pregnancy and includes genital tract sepsis (which may extend from cervicitis and endometritis through to pelvic thrombophlebitis and peritonitis), urosepsis, surgical site infection, pneumonia, empyema and mastitis. 6 The vast majority of sepsis cases present within 24-48 hours of delivery, abortion, or rupture of membranes.
2 Importantly, many cases of GAS bacteraemia with no obvious focus of infection have been reported, as have cases of invasive GAS infection at sites distant to the genital tract; 6 the clinical picture is consistent with the genital tract acting as a portal of entry. Whether a GAS-specific immune defect arises at the time of parturition is unclear, however most evidence points to a general increase in innate immune responses in order to protect the mother at the point of childbirth. 7, 8 
rISK fActorS
The risk factors underlying maternal sepsis are not wellunderstood. The triennial CMACE reports have provided a valuable resource, 3 providing in-depth case studies of those women who die from sepsis. As the report authors acknowledge, the case studies can provide insight into only a fraction of severe maternal sepsis cases and more systematic prospective surveillance is required, examining cases of severe sepsis that do not necessarily result in death. Some of the identified risk factors clearly relate to the pre-eminence of GAS infection, such as seasonality and role of concurrent upper respiratory tract infection in the pregnant woman or close family, while others such as obesity and caesarean section may relate more to risk of endometritis and post-surgical infection 3, 5, 9 (Table I) . In developing countries, all-cause maternal deaths are associated with additional risk factors such as delivery without a trained birth assistant, distance to healthcare facility and practices of traditional birth assistants, all of which are linked to poverty, and it is hard to separate risk factors for infection-related deaths specifically 2,10,11 (Table 2 ). Crucially, in both high-and low-income settings however, 'failure to recognise severity' is a recurrent theme among both family, birth assistants and clinical staff.
3,11 A UK Obstetric Surveillance System (UKOSS) study has just commenced that will prospectively collect data on all cases of severe obstetric sepsis, and hopefully will provide better understanding of the factors that underlie susceptibility in a developed nation such as the UK. 12 The system operates by collection of data monthly from each obstetric unit on numbers of cases of severe sepsis, as determined by a senior clinician, followed up by a questionnaire that will identify risk factors. The system efficiently collects similar data on other rare 'near miss' obstetric and perinatal conditions which are otherwise missed if collecting data based on mortality only. 
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BActerIAl AetIology
The causes of severe lethal sepsis are well-characterised, and, as discussed, GAS is the major pathogen implicated in over half of cases resulting in deaths. The other major pathogen that has been associated with maternal deaths is Escherichia coli. 3, 5 These two organisms should therefore underpin the empiric choice of antibiotics in severe maternal sepsis, although as can be seen, a number of other pathogens can lead to lethal sepsis and should be considered (Table 3) . Some of these cases may be accompanied by bacteraemia, but by no means all, underlining the importance of acquiring samples from the genital tract, placenta, and any vaginal or wound discharge.
Bacteremia without obvious endometritis can be associated with a wide range of pathogens in the peripartum period. While it may present as a severe fulminant infection when caused by GAS, bacteraemia due to other organisms such as group B streptococcus and Listeria spp. may simply present as fever without the features of severe sepsis. The risks of invasive infection due to beta haemolytic streptococci (groups A and B) are particularly increased in the immediate peripartum period for reasons that are not understood, while the association with Listeria extends to earlier in pregnancy. Bacteraemia due to Staphylococcus aureus, E. coli, and anaerobes are more common following caesarean section. 13 Placental separation may be the trigger for some cases of bacteraemia, especially where labour has been prolonged. 14 Endometritis with or without bacteraemia may be caused by a range of both Gram-positive and Gramnegative organisms as well as anaerobes and those hard to culture such as Mycoplasma hominis, Ureaplasma spp., and Chlamydia spp. 9 While many infections may involve endogenous urogenital pathogens, it is important to recognise that GAS is not a normal commensal of the urogenital tract, in contrast to group B streptococci (that are found in 20-40% of women). Although there is some evidence that certain GAS serotypes may be increasing in prevalence as genital tract isolates, 15 GAS vaginal carriage in late pregnancy is reported to occur in only 0.03%. 16 This suggests that screening would be of little value, although detection of GAS in the genital tract of a pregnant or recently pregnant woman should be met with a low threshold for treating with antibiotics even in the absence of severe sepsis. Even in the pre-antibiotic era, at a time when GAS throat carriage and childbed fever were much more frequent than now, it was difficult to link postpartum GAS infections to antepartum vaginal carriage of GAS. Strains that gave rise to puerperal fever were rarely, if ever, present in the genital tract at the start of labour. Acquisition was strongly linked to cases of upper respiratory tract infection and nose or throat carriage in either the patient, her immediate family or birth attendants. 17 
PreSentAtIon of Severe mAternAl SePSIS
Recognition of severe sepsis in the peripartum period relies heavily on maintaining an element of suspicion. Importantly, critically ill postpartum patients may present to general physicians or emergency departments since early discharge from hospital is now the norm. A history of pregnancy should immediately alert clinicians to the possibility of a pregnancy-related illness. Severity of illness should be monitored from the point of presentation using a modified early obstetric warning system (MEOWS) chart, so that changes and deterioration are easily spotted. As learned from maternal deaths in recent triennia, 3 women may present in a number of ways but there are certain guiding points that are highlighted below (Tables 4 and 5 ) and also in the guidance provided by the Surviving Sepsis campaign. 18 Importantly, women who have undergone pregnancy are likely to be young and otherwise fit; the signs of severe systemic sepsis may therefore be masked until the moment of cardiovascular collapse. Group A streptococcus infection may be so severe that a woman may present with a leucopenia related to bone marrow suppression rather than a leucocytosis. As discussed earlier, a lack of evidence for frank genital tract sepsis does not exclude a diagnosis of severe systemic sepsis linked to the pregnancy. The genital tract may act as a portal of entry for some of the most lethal infections, for example, those caused by GAS, presenting most frequently as an occult bacteraemia. 19 There may be no obvious focus for infection, or a distant focus, including pneumonia or necrotising fasciitis (Table 6 and Figure 1 ). The risks of invasive GAS infection in the postpartum 
20,21 mAnAgement
If a patient is suspected to have severe sepsis then antibiotic therapy must be instigated immediately, without awaiting test results, after blood cultures are taken and certainly within the first hour that the diagnosis is considered. 3, 18 Additional investigations that should be promptly instigated are further cultures of blood, vaginal swabs, urine, and any tissue or discharge. Full and thorough assessment must be undertaken by senior clinicians to establish if there is a likely source of infection that requires evacuation or drainage; this may involve imaging but care must be taken to stabilise the patient before undertaking investigations such as ultrasound or computed tomography (CT) scanning of the pelvis. Bedside ultrasound is sometimes the only investigation feasible for the sickest patients. Clearly some women may have retained products of conception, while others may still be pregnant. If source control can only be achieved by operative intervention then this should be pursued as soon as the patient is stable, with adequate explanation to the patient and family of the implications if delayed. Where relevant, samples for microbiological testing should be obtained from the placenta and infant.
In addition to high flow oxygen, intravenous fluids are an essential component of resuscitation, and must be administered promptly, although it is recognised that some of the sickest patients may develop pulmonary oedema due to endothelial leakage. Worsening acidosis or a persistent tachycardia indicates that the resuscitation process is inadequate; this may be because the woman is under-filled, although it is of course important to reconsider whether the antimicrobial cover and source control are adequate. Input from senior clinicians experienced in the care of critically ill patients at an early stage is essential, however difficulties in fluid management, acidosis or coagulopathy are clear indications for involvement of critical care teams. Monitoring is likely to require repeated blood tests, including blood gas measurements, as well as monitoring of urine output and central venous pressure.
The mortality of any patient who develops shock with organ dysfunction due to invasive S. pyogenes infection is around 40%. 20 Given that S. pyogenes is the single most important cause of severe sepsis in the peripartum education period, it is prudent to assume such an ominous prognosis when considering placement of the patient. This would normally be in the intensive care unit setting, or similar environment. A full discussion of severe sepsis management is beyond the scope of this article but is well-described elsewhere. 18 Source control must be reconsidered once the patient is stabilised; distant seeding of GAS to cause necrotising fasciitis of soft tissues is recognised and should be dealt with as in the nonparturitient patient.
Antibiotic choice must be directed to the likeliest bacterial causes in the first instance, and can be refined once culture results are available. Senior advice should be sought from the appropriate infection team, and there are no specific trials to guide treatment. For the critically ill septic woman (who may have invasive GAS or E. coli infection) it is recommended that immediate intravenous therapy using a beta-lactam with anti-Gram negative action is administered, coupled with clindamycin. Clindamycin is recommended because penicillin action is impaired when growth of GAS is heavy and because clindamycin switches off bacterial toxin synthesis most effectively. 23, 24 The exact choice of beta-lactam will be dictated by the woman's previous microbiology results, local patterns of resistance, and history of any serious allergy. It may be reasonable to use a high dose third generation cephalosporin or piperacillin/tazobactam, although in cases where infection with an extended spectrum beta-lactamase (ESBL) producing Gramnegative organism is considered, it may be prudent to use a carbapenem. Cephalosporins will not provide adequate treatment for enterococci or Listeria however, and for this reason, some specialists prefer to avoid these agents though these organisms are less likely to be associated with severe sepsis. Most authors recommend inclusion of metronidazole in the initial regimen, although the contribution is probably minor compared with the other suggested antimicrobials. 3 Where methicillin-resistant Staphylococcus aureus (MRSA) is a possibility, for example an infected surgical wound or known MRSA carriage, it is prudent to consider inclusion of a drug with appropriate activity such as teicoplanin or vancomycin initially. A confirmed MRSA soft tissue infection would warrant a refinement of antimicrobial therapy.
For the less severely ill woman, initial use of a broad spectrum beta-lactam such as co-amoxyclavulanic acid is acceptable. It is important to reassess response to treatment however. A joint guideline is in development regarding management of severe sepsis related to pregnancy and this will be a valuable tool for those managing such difficult cases.
Intravenous immunoglobulin (IVIG) has been advocated for critically ill cases of suspected GAS infection that are not responding to first line therapy. Doses of 1-2 g/kg can improve bacterial clearance and neutralise circulating bacterial toxins during experimental GAS infections although there has not yet been a randomised clinical trial to support its use. 25 It is rarely possible to obtain a microbiological diagnosis in this acute setting and therefore use will be based upon clinical suspicion. At present there is insufficient evidence to support use of IVIG in other types of severe sepsis affecting the recently pregnant woman.
InfectIon control conSIderAtIonS
Care of the septic obstetric patient poses a potential cross-infection hazard highlighted by Semmelweiss in the 19th century and underpinned by Dora Colebrook's bacteriological studies of 1934. 17 Given that many such cases will be infected with GAS, it is recommended that nursing and midwifery staff do not care for other women simultaneously and strict hand hygiene is required. This is best achieved through use of isolation facilities where available and standard contact precautions; a guideline has recently been produced to assist infection control teams and will be available shortly. 26 As a small number of mother-baby transmission events have been noted in the past, 15 it is recommended that babies born to mothers with severe sepsis are cultured and given prophylaxis whenever infection with a serious pathogen such as GAS is suspected; this does not replace existing guidance regarding group B streptococcal infection.
Cases of obstetric sepsis often present following early discharge from hospital, in the community, and therefore clinicians may mistakenly exclude the possibility that a case has arisen as a result of nosocomial transmission. Vigilance is required among obstetricians and infection specialists, since linked cases may present rapidly, or several months apart, and not all cases may be associated with a sterile site isolate such as a blood culture. Cases of invasive GAS infection are now notifiable in England and Wales.
moleculAr ePIdemIology And vIrulence fActorS of gAS InfectIon In PregnAncy
Group A Streptococcus bacteria are classified by the structure of the bacterial surface 'M' protein that projects from the cell surface as a coiled-coil protein. Immunity to M-protein is type-specific and is believed to underpin immunity to different serotypes, of which there are over 120. The most common M types causing infection of the pharynx are M12 and M6 bacteria (Turner et al., unpublished), although the major causes of invasive infection in the UK are M1, M3 and M89 27 suggesting that the M1 and M3 bacteria may have acquired some aspect of excessive virulence. Intriguingly, postpartum sepsis due to GAS exhibits its own molecular epidemiological patterns. For reasons that are not fully understood, M28 GAS and, to a lesser extent, M87 strains are specifically education associated with peripartum sepsis 28 ( Figure 2) . Analysis of the M28 GAS genome has demonstrated a so-called 'region of difference' where a number of genes appear to have similarity to the group B streptococcus genome and may be involved in GAS adherence to the female genital tract. 29 Despite the fact that almost one-third of cases of obstetric GAS are caused by M28 strains in Europe, deaths due to M28 strains are rare. Most of the observed deaths are in women infected with M1 or M3 strains, again raising the possibility that these two M types have excessive virulence. 28 Recent attention has focused on the role of regulatory gene mutations in the transition of GAS from harmless mucosal colonist to invasive pathogen, a feature reported most frequently among M1 GAS strains. One such gene regulator controls most of the virulence factors required for defending the bacterium against neutrophil opsonophagocytosis. 30 Although there is evidence that such mutations are linked to some of the most rapidly progressive sepsis cases, there is a greater number where no such mutation can be identified, at least among the isolates available to study. Importantly, all of the M types that cause clinical infection carry 3-4 of the genes required for superantigen toxin synthesis, and therefore toxic shock syndrome, underpinning the importance of controlling toxin production where possible.
ProSPectS for PreventIon of PerIPArtum SePSIS
In regions where maternal mortality is high, deaths due to sepsis are largely preventable. Simple interventions that address recognised risk factors are reducing mortality rates; these include ensuring a ready supply of antibiotics and trained birth attendants, coupled with removal of barriers to healthcare access. 2 The impact of intrapartum vaginal biocides such as chlorhexidine wipes remains unclear; in some developing countries there was a measurable impact on maternal and neonatal health, 31 while in other settings, a benefit was not detected, even where maternal sepsis rates were high. 32 If GAS is acquired after childbirth, the use of intrapartum biocides may not prevent this particular infection, although one might expect an impact on other ascending infections that can cause endometritis. For caesarean section, antimicrobial prophylaxis is now widely accepted to play an important role in prevention of infection in the mother. 33 The most recent CMACE report advocates education of women regarding perineal hygiene and handwashing in the period following childbirth, recognising the risk of transmission of virulent strains of GAS both in hospitals and in the home, highlighting exposure to cases of pharyngitis as a route of transmission. 3 In the UK, a large proportion of women who deliver in hospital or birth centres are discharged quickly back to the home. Importantly, readmission to a maternity unit with an established infection may mask the possibility that an infection could have been acquired nosocomially; vigilance is therefore required to identify increased infection rates or particular pathogens that may disclose a nosocomial outbreak. The introduction of infection control guidance for hospitals and other healthcare settings, even where just a single GAS case arises, will hopefully reduce future risk of nosocomial GAS outbreaks.
Vaccination against the main bacterial pathogen of pregnancy, GAS, remains elusive. M-protein based vaccines would need to be impossibly polyvalent to include all M types worldwide 34 , while a vaccine targeted against the most prevalent M types in the developed world may simply result in serotype replacement in the population, as has been observed for other bacterial vaccines. 35 Broad spectrum immunity will require immunity to antigens that are common to all GAS; a number of these antigens have been identified and are currently being evaluated, though to date only M-proteinbased vaccines have entered clinical trials. 35, 36 ProSPectS for PreventIng mAternAl deAthS due to gAS A dramatic reduction in maternal mortality was observed in the late 1930s in England, mainly ascribed to improved outcomes from peripartum sepsis and the introduction of antimicrobial therapy. Similar reductions in maternal deaths have been achieved in developing countries in the last decade, striving to achieve the millennium development goal set out in 2000. 2 In the specific setting of postpartum sepsis due to GAS, Leonard Colebrook achieved a remarkable 5-fold reduction in GASassociated mortality (from 20-30% in the years 1931-5 to 4.7% in 1936) through the introduction of sulphonamides at Queen Charlotte's Hospital. 37 More than 70 years later, the overall mortality of invasive education streptococcal disease in peripartum women has barely altered, though is thankfully much less frequent. 20 This either means that we have not improved further upon standards of care since 1936, or that, despite improved care, the virulence of the infection has increased, or we have a rising at-risk population, or a combination of factors. Contemporary peripartum infections due to M1 and M3 GAS strains are more lethal than infection with other serotypes. 28 Obesity and obstetric interventions have also increased, although are unlikely alone to account for the increase in deaths due to GAS. It may be that we are limited in reducing acquisition of sporadic infection with GAS much further. Even if this were true, it should certainly be possible to prevent deaths. Failure to recognise sepsis and its severity coupled with suboptimal management have repeatedly been identified as risk factors in almost all cases of maternal death due to sepsis. 3, 38 This single aspect is possibly the most important to tackle, particularly in an era where severe peripartum sepsis is rare. The introduction of education campaigns and guidelines aimed at clinical and midwifery staff, both in hospitals and in the community, as well as pregnant women will be important. This needs to be combined with proper application of diagnostic tools such as MEOWS charts and sepsis bundles, that are hard-wired to action plans, if we are to see a reduction in sepsis-related deaths.
